A standardized cardiovascular risk factor examination was given to executives in the headquarters of the American Telephone and Telegraph Company and the Nippon Telegraph and Telephone Public Corporation. As expected from the national mortality data, evidence of ischaemic heart disease was more common among American than Japanese executives. The frequency of some but not all risk factors was consistent with the observed'differences in ischaemic heart disease. Americans were fatter than their Japanese counterparts, obtained a higher proportion of their caloric intake from animal fats, had higher serum cholesterol levels, and more of them felt that their lives were highly stressful. On the other hand, Japanese executives were much more likely to be cigarette smokers and showed a greater increase in blood pressure with age. Serum high-density lipoprotein cholesterol levels and the ratio of saturated to unsaturated fatty acids in the serum were similar in the two groups.
Introduction
The application of standardized medical surveys to similar groups of subjects was one method suggested by the late Donald Reid (1975) for the investigation of reported international differences in mortality and morbidity. An early application to the 'British bronchitis/American emphysema' problem involved comparing the frequency of cardiorespiratory findings among telephone workers in England and the United States (Holland et al. 1965 , Reid et al. 1967 ; similar comparisons were subsequently made between American and Japanese telephone workers (Comstock et al. 1973) .
The stimulus to extend the comparative survey technique to cardiovascular disease arose from marked international differences in reported mortality from two diseases in Japan and the United States, specifically ischaemic heart disease and strokes. Figure 1 shows the death rates from all causes and from the major cardiovascular rubrics for the census years 1960, 1970, and 1980 for men aged 35-74 years in these two countries. The data are limited to white males in the US and to Japanese males in Japan. All rates have been adjusted to the age distribution of the combined populations to remove the effects of age differences in the populations (National Center for Health Statistics 1963 , 1974 , 1985 , Ministry of Health and Welfare 1962 , 1972 , 1982 . All-cause death rates were similar in the two countries in 1960 and again in 1980. Major cardiovascular diseases were much more important causes of death for Americans than for Japanese, while the opposite relationship held for stroke deaths, ' years 1960, 1970 and 1980 represented by the dashed lines. Between 1970 and 1980, the death rate from ischaemic heart disease decreased appreciably in the United States while the decrease in Japan was barely perceptible. Suspecting that the continued Westernization of many aspects of Japanese life might lead to an increasing importance of ischaemic heart disease in Japan, the standardized examination technique was applied to cardiovascular risk factors among top-level executives in the two telephone companies, American Telephone and Telegraph Company (AT&T) and Nippon Telegraph and Telephone Public Corporation (NTT). Life-style changes tending toward an increased risk of ischaemic heart disease in Japan and a decreased risk in America were thought to be occurring more rapidly among executives than in the general populations. If continued, these trends could'lead to similar levels of the known risk factors in the two groups and perhaps even to a similar incidence of ischaemic heart disease. Thus, studies among executives might provide early-warning signals of potential danger for the Japanese and of hope for Americans.
The initial cardiovascular risk factor survey was carried out between September 1972 and March 1975, with reported, 'both historical and electrocardiographic evidence pointed to a marked excess of coronary heart disease among American executives compared with their Japanese counterparts. In keeping with this finding, the Americans ate diets higher in animal fat, were fatter, and had higher serum cholesterol values but lower triglyceride levels. Mean blood pressures were slightly higher among the Japanese, and showed a greater increase with age. Urinary sodium/creatinine ratios were much higher among the Japanese, suggesting a higher salt intake. Cigarette smoking was more common among the Japanese. A review of other comparative studies between Japanese and Americans indicated that the only risk factors uniformly consistent with the frequency of coronary heart disease in the two countries were dietary fat, obesity and serum cholesterol' (Telecom Health Research Group 1977) .
Methods
The second round of the cardiovascular risk factor surveys started in April 1980 in Japan and in September 1980 in America. In each area, examinations were conducted throughout the 12 months after initiation. In Japan, all men between the ages of 35 and 58 who were in the top six levels in the Tokyo headquarters of NTT were eligible. In the United States, the same age and job level criteria applied to the headquarters staff of AT&T, most of whom worked in a rural area of New Jersey, although a few were employed in New York City. Because there were more American than Japanese executives, potential American participants were limited to a 50% systematic sample of the total group. Because the risk factor examinations were integrated into the routine annual physical examinations offered to all executives, and because the time that executives and their employers could be expected to donate to the study was limited, some procedures had to be shortened or omitted. As an example, a simple stepping exercise had to be substituted for the more definitive but time-consuming treadmill stress test. The current MRC respiratory and smoking questionnaire, and the Rose-WHO questionnaires on effort pain and possible infarction were used without modifications (Rose & Blackburn 1968 ). Questions on physical exercise were few and simple, limited to frequency of exercising, amount of walking, and stair-climbing each day.
Efforts to assess personality failed because questionnaires relevant for Americans were considered inappropriate for use in Japan. Questions on stress merely asked subjects to rate on a four-point scale stresses related to the job, home, and finances as they perceived them, and whether or not these stresses had changed during the past year. As even more indirect measures, the use of sleeping pills, alcohol and tranquillizers was recorded.
Physical examinations were standardized by a detailed protocol. Because limited funding for international travel allowed only one visit from the Japanese team during the American examinations and no visits to Japan by the American team, the similarity of examination procedures was checked by making a videotape of a subject's examination at each location. These tapes were then exchanged and reviewed by the examiners in the other company.
Standing height and weight were measured Without shoes and with the subjects stripped to the waist. Skinfold thickness was recorded at an abdominal site in addition to the usual triceps and subscapular sites.
Pulse rate was measured at rest and five seconds after completion of a stepping exercise in which the height of step, rate of stepping and duration were the same for all subjects. Systolic and diastolic 2 blood pressures were recorded with a mercury sphygmomanometer and the subject seated at rest. Heart size was assessed by the ratio of the transverse diameter of the cardiac shadow to the width of the inner chest on a chest roentgenogram. A 12-lead electrocardiogram was classified according to the Minnesota code by a cardiologist (SS) from the NTT study team (Rose & Blackburn 1968).
Laboratory measurements included tests on timed overnight urine, freshly voided urine, and fasting blood samples. Serum samples were frozen and shipped to a large commercial laboratory in the New York City area for analysis. Specimens from AT&T were held in a frozen condition for approximately the same time as the Japanese specimens. Twenty-four dietary recall histories were collected from samples consisting of 108 NTT and 130 AT&T executives, with approximately the same number of histories for each day of the week.
The coded results were tabulated and analysed by the Medical Department of AT&T. Although age-adjustment was done using the combined study populations as a standard, in no instance did this procedure make either a meaningful or statistically significant difference in comparisons of the two populations. Consequently, only the unadjusted figures are considered.
Results
Participation was better in Japan than in the American company (Table 1) . Of the 779 eligible men in NTT, 705 or 91% participated, whereas 832 or 73% of the 1145 eligible Americans participated. When queried by the Medical Department, virtually all of the non-participants in both companies stated they were too busy to come in for their annual physical examination.
The age distribution of the executives in the two countries differed markedly ( Figure 2 ). Forty percent of the Japanese executives were in the age group 50 through 54, probably because of their tendency to advance through the ranks as a cohort. The more individualistic Americans showed a much more even distribution by age. Nevertheless, the mean ages of the two groups were nearly the same, 47.8 and 46.1 years for Japanese and Americans, respectively. In both companies, employees rarely resign. Duration of employment was slightly greater in NTT than in AT&T. The mean age at employment in NTT was 21 years, compared to 24 years in AT&T. When asked about previous diagnoses of cardiovascular disease, the Americans had an excess in nearly every category (Table 2) . Hypertensive disease was diagnosed and treated more often in AT&T executives, probably because of a more liberal definition of hypertension in America than in Japan at that time. The increased frequency of diabetes in NTT appears to be related to their detecting more mild and borderline cases in their more active case-finding programme. Effort pain (angina) as elicited by the Rose questionnaire was twice as common among Americans as among the Japanese (P=0.01). The most striking finding was the ninefold excess of 'possible infarction' among the Americans, manifested by a positive answer to the Rose-WHO question, 'Have you ever had a severe pain across the front of your chest lasting for half an hour or more?'.
Differences in electrocardiographic findings were not nearly as striking as in the answers to the questionnaire (Table 3) . Among the Japanese, 7 (1.0%) were classified as having definite or probable coronary disease compared to 13 (1.6%) of the Americans, a difference in the expected direction although within the limits of chance variation owing to small numbers. The greater frequency of high R waves among the Japanese has been noted previously (Sasaki et al. 1978) . Although group data from the earlier study among executives suggested a relationship of high R waves to chest wall thickness and blood pressure levels, these associations were not confirmed when the findings were analysed on an individual basis within each company. Some cardiovascular risk factors were more common among the Japanese, while others were more common among the Americans. Cigarette smoking was much more common among NTT than AT&T executives (Table 4 ). Fewer Japanese had never smoked, and many fewer had stopped smoking, leaving twice the proportion of present smokers and three times the proportion of present cigarette smokers among the Japanese. Among cigarette smokers, the median number smoked per day was nearly the same, 27.6 for the Japanese and 26.0 for the Americans. More of the Japanese admitted to the use of alcohol (Table 4) , and their stated intake was appreciably higher than that of the Americans, 1.8 and 1.3 oz (50 and 36 g) respectively.
Because most exercise questionnaires were not suitable for use with these executives because of length or irrelevance to their life-styles, only a few simple questions were asked. The answers are summarized in Table 5 . Japanese commuting, with its heavy reliance on public transportation in Tokyo, undoubtedly involved more physical exertion than American commuting, most of which was by automobile to headquarters in rural New Jersey. Exercising beyond the usual daily activities was much more frequent among the Americans, but we were unable to assess its intensity. A major surprise was the extent of self-perceived stress in both companies (Table 6 ). In all three categoriesjob, home and financesa much higher proportion of American executives rated their lives as stressful than the Japanese; more Americans also felt that these stresses had increased in the past year. Occasional or frequent use of sleeping pills and tranquillizers was slightly more common among the Americans. Sleeping pills were said to have been taken by 4.6% of the Americans and 3.5% of the Japanese. Use of tranquillizers was reported by 7.6% and 5.9% of Americans and Japanese respectively.
Body size was clearly greater among the Americans (Table 7) , who were not only taller but much heavier, even when differences in height were taken into account. Skinfold thicknesses at all three sites were nearly twice as. great among Americans, indicating that much of their greater weight was due to body fat.
Cardiovascular fitness, to the extent that it can be measured by increase in pulse rate after exercise, was only slightly better among the Japanese (Table 8) . Their mean heart size was unusually large, with a cardiac diameter approaching half the chest diameter. Recordpd systolic blood pressure was similar in the two groups, while diastolic pressure was appreciably higher among the Japanese. Because it was impossible to standardize observers in this study, the rate of increase in blood pressure with age was compared, a procedure which tends to minimize the effect of observer variation (Comstock 1981) . Both among total participants and among men not on medication for high blood pressure, the rate of increase in blood pressure with age was higher among the Japanese executives, suggesting that the similarity between the two groups in mean systolic blood pressure was an artifact due to observer variation. On balance, it appears reasonable to conclude that the Japanese executives do have higher blood pressures than the Americans.
Sodium excretion in overnight urine specimens was clearly greater among the Japanese according to all three indices from the overnight urine specimens (Table 9 ). Total serum cholesterol was 15% higher among the Americans than the Japanese, although the HDL-cholesterol levels were similar. Serum triglycerides, uric acid and glucose were only a trifle higher among the Americans. Table 10 shows the results of the 24-hour dietary histories in the two samples. Total caloric intake was about the same. Americans, however, obtained a higher proportion of their calories from animal fat and protein, and fewer from carbohydrates than the Japanese. Alcohol intake, in keeping with histories from the total groups, was higher among the Japanese. Crude fibre was similar. Sodium intake (exclusive of salt and seasonings added at the table) was slightly higher among the Japanese, while their calcium intake was lower.
Discussion
Three comparative studies of cardiovascular risk factors in Japan and the United States have preceded this one. The first, the Seven Country study, compared subjects in two rural Japanese villages with railroad employees in the United States (Kimura & Keys 1970) . While geographic correlates of prevalence are potentially confounded by occupation, the strength of this study lies in its follow up. The relative risk of developing ischaemic heart disease in relation to baseline risk factors is far less dependent on selection factors than an absolute measure such as prevalence.
The second study is the Ni-Hon-San study (Syme et al. 1975 , Kagan et al. 1974 . The subjects, all of Japanese descent, lived in Japan, Hawaii and California. Although ancestral background is similar for the three groups, the effect of their differing environments might be obscured by the fact that migrants are often different from those who remain at home (Hill 1936 , Comstock et al. 1966 . The third study is the first round of cardiovascular risk factor examinations among Japanese and American telephone executives (Telecom Health Research Group 1977) . It was designed like the present study to apply standardized procedures to the examination of two groups who were similar in many characteristics. While executives of a single company do not represent their respective countries, comparisons between them are entirely appropriate for assessing differences in a particular social stratum.
All three previous studies agree with this one that evidence of ischaemic heart disease was more common among the Americans than among the Japanese. All four also agree that dietary fat, subcutaneous fatness, and serum cholesterol were higher among Americans. (Kimura & Keyes 1970) 11.0 5.3 Ni-Hon-San (Syme et al. 1975 , Kagan et al. 1974 10 With respect to the major risk factor for strokes and also an important risk factor for ischaemic heart disease, namely high blood pressure, there appears at first glance to be less agreement among the studies. The Seven Country study found the highest mean blood pressure levels among the American railroad workers; the Ni-Hon-San study reported the highest mean levels among Japanese living in California; while the telephone executive studies found higher mean levels among the Japanese, with the exception of systolic levels in the second round which were essentially the same. Because none of the studies was able to standardize observers or to ensure that the level of background noise was similar in the two locations, the effects of variations related to such causes were minimized by comparing the rates of change in mean blood pressure per decade of age (Comstock 1981) . When this was done, all four studies agreed in ranking Japanese living in Japan as having the highest rates of increase, as shown in Table 11 . The fact that the Japanese may thus have the highest blood pressures in older ages seems relevant to their high rates of mortality from stroke, a disease most prominent in old age.
In both of the telephone company surveys, salt excretion was much higher among the Japanese. Heart size, assessed by the cardiothoracic ratio, was also greater among the Japanese. Both of these findings are consistent with high blood pressure levels, and lend credence to the fact that hypertension may indeed be more prevalent in Japan than in America. The fact that more Americans had been diagnosed as hypertensive and treated for this condition is almost certainly related to the different levels of blood pressure considered abnormal by the physicians in the two countries at that time.
The major discrepancy between risk factors and frequency of coronary disease concerns cigarette smoking. All four studies found cigarette smoking to be more common among the Japanese.
The present study was the only one of the four which attempted to assess stress, a risk factor held in high esteem by the laity. The remarkably high proportion of American executives who felt they were under high and increasing stress is consistent with their cholesterol levels, which were much higher than would be expected from the results of the National Health Survey (Thomas & Murphy 1958 , Fulwood et al. 1980 . How is it that the smaller Japanese can consume as many calories per day as the Americans, apparently exercise less, and yet remain so lean? Can it be that certain nutrients are absorbed or deposited as fat more readily than others? Comparative studies of the absorption, intermediate metabolism, and deposition of fats might offer a clue to the different patterns of cardiovascular disease in Japan and the United States.
It is difficult to be certain of similarity of examination procedures in populations far apart in distance, culture and language. Only the laboratory findings can be considered to be comparable with certainty, since they were done by machine in the same laboratory at the same times. Electrocardiographic, roentgenographic, pulse rate, change of blood pressure with age, and body build findings also seem reasonably comparable. Questionnaire data, however, are much more open to question, even though much care was taken to ensure similarity. The Rose-WHO cardiovascular questionnaire had previously been translated into Japanese and back into English with virtually no changes in wording (Telecom Health Research Group 1977) . Questionnaire format was the same to avoid changes that might result from a different order of questions (Helsing & Comstock 1976 ). All questions were thoroughly discussed by American and bilingual Japanese investigators to be sure that they meant the same things to both groups of planners. Whether or not the questions and answers had the same connotation to the two groups of executives is a matter of some uncertainty. Smoking and dietary histories, as well as some parts of the past medical history, are probably equally valid in the two countries. Other items, such as diagnosed diabetes and treated hypertension, depend on medical policies and practices which undoubtedly differed to some extent. Still others, such as the reporting of perceived stress, effort pain, and breathlessness, may well be culturally determined, at least in part. Although this study was able to document differences in these areas, their origins were beyond its scope.
